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(57) ABSTRACT 

In general, in one aspect, the invention features an apparatus 
that includes a plurality of optical elements arranged to form 
an image of an object. The elements include a ?rst element 
comprising one or more regions of a polarizing material, the 
regions being shaped as one or more visual features, a polar 
iZer, and a mounting assembly including a ?rst mount for the 
?rst element and a second mount for the polariZer. At least the 
?rst or second mount is rotatable With respect to an optical 
axis betWeen a ?rst orientation and a second orientation. In 
the ?rst orientation, the visual features are visible in the image 
of the object and, in the second orientation, the visual features 
are not visible in the image of the object. 

20 Claims, 3 Drawing Sheets 
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PATTERNED POLARIZATION-SENSITIVE 
OPTICAL ELEMENTS AND DEVICES USING 

THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to Provisional Patent 
Application No. 61/099,045, entitled “PATTERNED 
POLARIZATION-SENSITIVE OPTICAL ELEMENTS 
AND DEVICES USING THE SAME,” ?led on Sep. 22, 
2008, the entire contents of Which is incorporated herein by 
reference. 

TECHNICAL FIELD 

This disclosure relates to optical devices, and more par 
ticularly to optical devices that include patterned polariza 
tion-sensitive optical elements. 

BACKGROUND 

Optical imaging devices include binoculars, telescopes, 
range ?nders, and microscopes, for example. In some cases, 
in addition to presenting an image of the object under study, 
such devices provide information in the user’s ?eld of vieW. 
For example, range ?nders may include grid lines or alpha 
numeric information that assists the vieWer in the devices 
operation. Microscopes, as another example, can present 
gridlines in the users ?eld of vieW as a scale to alloW the user 
to size features they are vieWing. In many cases, such infor 
mation is ?xed in the ?eld of vieW or removable only by 
physical removal of an optical element in the light path from 
the object to the vieWer. 

SUMMARY 

Patterned polarization-sensitive optical elements and 
devices using such elements are disclosed. In general, the 
optical element includes a polarizer that is patterned to pro 
vide either text, numerals, lines, pictures or other visual fea 
tures that are visible When illuminated With light in one polar 
ization state, but invisible to a vieWer When illuminated With 
light in the opposite polarization state. In embodiments, the 
patterned polarizer is formed of a Wire-grid polarizer such 
that the text, numerals, lines, pictures or other visual features 
are composed of a linearly polarizing array of metal grid 
lines, or in Which the background to such elements consist of 
the linearly polarizing array of metal grid lines With the visual 
element(s) composed of a non-polarizing material. 

The contrast of the visual elements can be continuously 
adjusted by varying the direction of polarization of light 
illuminating the optical element, thereby providing compara 
tive information With the desired or optimal contrast level as 
seen by a human operator or by an electronic image sensor. 

In some embodiments, the visual features can be used to 
improve the vieWing of a target image While simultaneously 
comparing it With material previously Written on the optical 
element. For example, the visual features can provide an 
estimate of the dimensions of features in the vieWed image, 
can help in relative positioning of features in an image, and/ or 
can alloW a comparison to be made betWeen features in the 
vieWed image and a predetermined control image. 

In general, the optical elements can be used in a variety of 
applications. For example, such elements can be used to 
providing ?ducial markings, metrological rulings, images, 
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2 
maps or other patterns for comparative range ?nding or target 
determination applications. Other applications are discussed 
beloW. 

In general, in one aspect, the invention features an appara 
tus that includes a plurality of optical elements arranged to 
form an image of an object. The elements include a ?rst 
element comprising one or more regions of a polarizing mate 
rial, the regions being shaped as one or more visual features, 
a polarizer, and a mounting assembly including a ?rst mount 
for the ?rst element and a second mount for the polarizer. At 
least the ?rst or second mount is rotatable With respect to an 
optical axis betWeen a ?rst orientation and a second orienta 
tion. In the ?rst orientation, the visual features are visible in 
the image of the object and, in the second orientation, the 
visual features are not visible in the image of the object. 

Embodiments of the apparatus can include one or more of 
the folloWing features. For example, the ?rst element can be 
arranged so that the one or more regions substantially trans 
mit a ?rst polarization state of light and substantially block a 
second polarization state of light orthogonal to the ?rst polar 
ization state. In the ?rst orientation, the polarizer can be 
oriented so that it substantially transmits light having the 
second polarization state and substantially blocks light hav 
ing the ?rst polarization state. In the second orientation, the 
polarizer can be oriented so that it substantially transmits 
light having the ?rst polarization state and substantially 
blocks light having the second polarization state. 
The polarizer can be a linear polarizer. The second mount 

can be rotatable about an axis that alloWs rotation of a trans 
mission axis of the polarizer. 

The polarizing material can be formed of a Wire-grid polar 
izer. The ?rst element can include a substrate supporting the 
polarizing material. The substrate can be substantially trans 
parent. The substrate can be formed from glass or plastic. 

The optical axis can be a straight optical axis or a folded 
optical axis. 
The visual elements can include one or more alpha-nu 

meric characters. The visual elements can include lines. The 
visual elements can include pictures. The visual elements can 
include icons. 

In another aspect, the invention features a microscope that 
includes the apparatus. 

In another aspect, the invention features a range ?nder that 
includes the apparatus. 

In another aspect, the invention features a heads -up display 
that includes the apparatus. 

In another aspect, the invention features a spotting scope 
that includes the apparatus. 

In general, in a further aspect, the invention features an 
apparatus that includes a substrate and regions of a polarizing 
material disposed on a the substrate, the regions being inter 
spersed by regions devoid of the polarizing material, Where 
the polarizing material is formed from a Wire-grid polarizer 
and the regions are shaped as alpha-numeric characters, grid 
lines, pictures, or icons. 
The details of one or more embodiments are set forth in the 

accompanying draWings and the description beloW. Other 
features and advantages Will be apparent from the descrip 
tion, draWings, and claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a perspective vieW of an optical device. 
FIGS. 2A and 2B are a cross-sectional vieWs of an optical 

element. 
FIGS. 3A-3C are plan vieWs of an optical element. 
FIG. 4 is a schematic vieW of an optical device. 
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Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

Referring to FIG. 1, an optical device 100 includes a ?rst 
optical element 120 and a second optical element 130 that are 
positioned betWeen an object 110 and a vieWer 101. 
A Cartesian co-ordinate system is provided for reference. 

Object 110 emits, transmits and/or re?ects randomly-polar 
ized light including light 111 that propagates parallel to the 
z-axis toWards optical device 100. In general, the nature of 
object 110 depends on the speci?c application for Which 
optical device 100 is used. For example, Where optical device 
100 is part of a microscope, object 110 can be a specimen 
under study positioned Within the Working distance of the 
microscope. Where optical device 100 is part of a spotting 
scope, on the other hand, object 110 can be a target some 
distance aWay. 

First optical element 120 includes a polarizer 124 (e.g., an 
absorbing, sheet polarizer) that linearly polarizes incident 
light. In other Words, polarizer 124 substantially transmits 
light (e.g., at operational Wavelengths, transmits about 80% 
or more, about 85% or more, about 90% or more, about 95% 
or more of light) of light 111 having its polarization state 
parallel to a transmission axis of the polarizer, and substan 
tially blocks (e.g., re?ects and/ or absorbs) light 111 polarized 
orthogonal to the transmission axis (e. g., at operational Wave 
lengths, blocks about 95% or more, 98% or more, 99% or 
more, 99.5% or more, 99.9% or more). Polarizer 124 is 
arranged in a mount 122 that can be rotated about the z-axis as 
shoWn by arroW 128. Mount 122 includes a handle 126 that 
facilitates the rotation of polarizer 124, and hence the trans 
mission axis of polarizer 124, by an angle 0t. 

Second optical element 130 includes a patterned polarizer 
134 having polarizing regions 136A, 136B, 136C, and 136D. 
Polarizing regions 136A-136D include a linearly polarizing 
layer formed of a Wire grid polarizer having its transmission 
axis oriented parallel to the y-axis. Accordingly, these regions 
substantially transmit light polarized parallel to the y-axis. 
The regions betWeen polarizing regions 136A-D substan 
tially transmit light of both polarization states incident 
thereon. Patterned polarizer 134 is arranged in a mount 132 
that is ?xed With respect to its angular orientation about the 
z-axis so that the position of polarizing regions 136A-136D 
and the orientation of their transmission axes remain ?xed 
during operation of optical device 100. 

FIG. 1 illustrates optical device 100 in tWo different con 
?gurations. In the ?rst con?guration, handle 126 is in position 
A. In this con?guration, the transmission axis of polarizer 124 
is oriented parallel to the x-axis. Accordingly, light transmit 
ted through polarizer 124 toWard patterned polarizer 134 is 
linearly polarized parallel to the x-axis as depicted by arroW 
113. Because this light is polarized parallel to the transmis 
sion axes of polarizing regions 136A-D of polarizer 134, the 
polarizing regions of polarizer 134 substantially transmit the 
light. Since the regions of polarizer 134 betWeen polarizing 
regions 136A-D also substantially transmits this light, polar 
izer 134 is appears transparent across its area to vieWer 101. 
Accordingly, vieWer 101 simply sees object 101, but not any 
visual features corresponding to polarizing regions 136A-D. 

In the second con?guration, handle 126, denoted 126', is in 
position B. Here, the transmission axis of polarizer 124 is 
oriented parallel to the y-axis. Light transmitted through 
polarizer 124 toWard patterned polarizer 134 is therefore lin 
early polarized parallel to the y-axis, as depicted by arroW 
112, orthogonal to the transmission axes of polarizing regions 
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4 
136A-D. Accordingly, polarizing regions 136A-D block the 
light, While the light is transmitted by the regions of polarizer 
134 betWeen polarizing regions 136A-D. The polarizing 
regions 136A-D appear dark to the vieWer, While the regions 
betWeen appear transparent. The effect to vieWer 101 is a ?eld 
of vieW that includes the visual features provided by polariz 
ing regions 136A-D superimposed over object 110. 

In general, polarizing regions 136A-D can be formed to 
provide a variety of different visual features including, for 
example, alpha-numeric symbols (e.g., letters or numerals), 
lines (e.g., gridlines) and other geometric shapes (e.g., circles 
or polygons), or pictures (e. g., icons or logos). The particular 
visual features Will obviously be selected based on the par 
ticular application for Which optical device 101 is used. 

Element 122 can also be adjusted to positions betWeen A 
and B to provide varying contrast levels betWeen the visual 
features on polarizer 136 and the background. 

Polarizers 124 and 134 can be operational for radiation at 
more than one Wavelength, such as for a continuous band of 
Wavelengths. For example, these polarizers can polarize 
radiation for a band of Wavelengths about 50 nm Wide or more 
(e.g., about 100 nmWide or more, about 200 nm Wide or more, 
about 300 nm Wide or more). In certain embodiments, linear 
polarizer 100 polarizes radiation, for substantially the entire 
visible portion of the electromagnetic spectrum (e.g., for 7» 
from about 400 nm to about 700 nm). Alternatively, linear 
polarizer 100 can polarize radiation for substantially the 
entire near infrared portion of the electromagnetic spectrum 
(e.g., from about 1,200 nm to 2,000 nm). In certain embodi 
ments, linear polarizer 100 polarizes radiation for substan 
tially the entire visible and near infrared portions of the elec 
tromagnetic spectrum (e.g., from about 400 nm to about 
2,000 nm). 

Polarizers 124 and 134 (in polarizing regions 136A-D) can 
have a relatively high extinction ratio, E], for transmitted 
light at operational Wavelength 7». For transmitted light, the 
extinction ratio refers to the ratio of pass state intensity at 7» to 
the block state intensity transmitted by a polarizer. ETcan be, 
for example, about 30 or more at 7» (e.g., about 50 or more, 
about 100 or more, about 150 or more). In certain embodi 
ments Where block state transmission is relatively loW, ETcan 
be very high, such as about 1000 or more. 

In some embodiments, polarizers 124 and 134 (in polariz 
ing regions 136A-D) can have a relatively high extinction 
ratio, ER, for re?ected light at 7». ER is the ratio of the re?ected 
intensity of block state radiation to the re?ected intensity of 
pass state radiation at 7». E R can be, for example, about 30 or 
more (e.g., about 50 or more, about 100 or more, about 150 or 

more). 
In certain embodiments, both E T and E R are relatively high. 
Referring to FIGS. 2A-2B, FIG. 2A shoWs a cross-sec 

tional vieW of a portion of polarizer 134, including polarizing 
region 136A. Polarizer 134 includes a substrate 210 and a 
polarizing layer 220. Polarizing layer 220 includes polarizing 
region 136A, and non-polarizing regions 221. Polarizing 
region 136A is formed from a Wire grid polarizer, Which 
includes a series of grating lines 224 separated by gaps 226. 
Grating lines 224 extend along the y-direction, forming a 
periodic structure. As shoWn in FIG. 2B, grating lines 224 
have a Width W in the x-direction. The grating lines repeat 
With a period, p, that is smaller than the operational Wave 
length 7» and as a result light of Wavelength 7» interacts With the 
Wire grid polarizer Without encountering signi?cant high 
order diffraction that can occur When light interacts With 
periodic structures. 

In general, W can be about 0.27» or less (e.g., about 0.17», or 
less, about 0.057» or less, about 0.047» or less, about 0.037» or 
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less, about 0.027» or less, 0.017», or less). For example, in some 
embodiments, W is about 200 nm or less (e.g., about 150 nm 
or less, about 100 nm or less, about 80 nm or less, about 70 nm 
or less, about 60 nm or less, about 50 nm or less, about 40 nm 

or less, about 30 nm or less). 
In general, p is less than 7», such as about 0.57» or less (e.g., 

about 0.37» or less, about 0.27» or less, about 0.17», or less, 
about 0.087» or less, about 0.057» or less, about 0.047», or less, 
about 0.037», or less, about 0.027», or less, 0.017» or less). In 
some embodiments, p is about 500 nm or less (e.g., about 300 
nm or less, about 200 nm or less, about 150 nm or less, about 

130 nm or less, about 100 nm or less, about 80 nm or less, 

about 60 nm or less, about 50 nm or less, about 40 nm or less). 
The duty cycle of the Wire grid polarizer, given by the ratio 

W:p, can vary as desired. In some embodiments, the duty 
cycle is less than about 50% (in other Words W:p is less than 
1:2) (e.g., about 40% or less, about 30% or less, about 20% or 
less). Alternatively, in certain embodiments, the duty cycle is 
more than about 50% (e. g., about 60% or more, about 70% or 

more, about 80% or more). 
The thickness, d, of the Wire grid polarizer measured along 

the z-axis can vary as desired. In general, d is selected based 
on the optical properties (e.g., refractive index) of grating 
lines 224 and the desired optical properties of the Wire grid 
polarizer at 7». In some embodiments, d can be about 50 nm or 
more (e.g., about 75 nm or more, about 100 nm or more, about 

125 nm or more, about 150 nm or more, about 200 nm or 

more, about 250 nm or more, about 300 nm or more, about 

400 nm or more, about 500 nm or more, about 1,000 or more, 

such as about 2,000 
The aspect ratio of the Wire grid polarizer refers to the ratio 

of d to the line Width, W. In some embodiments, d:W can be 
about 2:1 or more (e.g., about 3:1 or more, about 4:1 or more, 

about 5:1 or more, about 8:1 or more, about 10:1 or more). 
In general, the composition of grating lines 224 are 

selected so that the Wire grid polarizer has desired polarizing 
properties. Grating lines 224 can be formed from a metal, 
such as Au, Ag, Al, Cr, and Cu. 
The structure and composition of the Wire grid polarizer is 

selected based on the desired optical performance of the Wire 
grid polarizer. Structural parameters that affect the optical 
performance of the Wire grid polarizer include, for example, 
d, W, and p. Typically, varying a single parameter affects 
multiple different performance parameters. For example, the 
overall transmission of the Wire grid polarizer at 7», can be 
varied by changing the duty cycle of the polarizer. HoWever, 
While a loWer duty cycle may provide relatively higher trans 
mission of the pass state polarization, it also results in higher 
transmission of the block state polarization, Which decreases 
ET. As a result, optimizing the polarizer’s performance 
involves trade offs betWeen different performance parameters 
and the polarizer’s structure and composition is varied 
depending on the desired performance for the polarizer’s end 
use application. 

In general, to effectively polarize light at Wavelength 7», the 
period p of the Wire grid polarizer should be shorter than 7», 
such as about 7»/4 or less (e.g., about 7»/6 or less, about 7»/10 or 
less). Moreover, for effective broadband performance, p 
should be shorter than the shortest Wavelength in the Wave 
length band. For a broadband polarizer in the visible spec 
trum, for example, W should be less than about 300 nm, such 
as about 200 nm or less (e.g., about 150 nm or less, about 130 
nm or less, about 110 nm or less, about 100 nm or less, about 
90 nm or less, about 80 nm or less). 
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6 
In some embodiments, ET can be increased by increasing 

the depth of the Wire grid polarizer, d. Increasing d can pro 
vide increased ET Without substantially reducing the amount 
of pass state transmission. 

In general, substrate 210 provides mechanical support to 
the Wire grid polarizer. Substrate 210 substantially transmits 
light at Wavelength 7». In general, substrate 210 can be formed 
from any material compatible With the manufacturing pro 
cesses used to produce polarizer 134. In certain embodi 
ments, substrate 210 is formed from a glass, such as BK7 
(available from Abrisa Corporation), borosilicate glass (e.g., 
pyrex available from Corning), aluminosilicate glass (e.g., 
C1737 available from Coming), or quartz/fused silica. 

Referring again to FIG. 1, While polarizer 124 can be 
rotated and patterned polarizer 134 is ?xed With respect to the 
co-ordinate system in optical device 1 00, other con?gurations 
are also possible. For example, in some embodiments, polar 
izer 124 can be ?xed While patterned polarizer 134 can be 
rotated. In certain embodiments, both polarizer 124 and pat 
temed polarizer 134 can be rotated about the z-axis. 

Furthermore, While regions 136A-D in optical device 100 
all have their transmission axes oriented in the same direction, 
other con?gurations are also possible. For example, in some 
embodiment, different regions can have their transmission 
axes oriented along different directions, so that the relative 
gray level of different regions varies for different orientation 
angles, 0t, of the transmission axis of polarizer 124. In certain 
embodiments, different regions of polarizer 134 have their 
transmission axes orthogonal to one another, so that one set of 
visual features is visible With the system in con?guration A, 
While a second, different set of visual features are visible in 
con?guration B. 

While mount 122 of optical element 120 is depicted as 
being manually adjustable, other con?gurations are also pos 
sible. For example, the mount can be coupled to an electro 
mechanical actuator con?gured to rotate polarizer 124 in 
response to a signal from control electronics. 

Moreover, While FIG. 1 shoWs a human vieWer 101, in 
some embodiments optical devices can include an electronic 
sensor instead of, or in addition to, an optical path for a human 
vieWer. For example, optical device 100 can include an elec 
tronic image sensor (e.g., a CCD camera) positioned in place 
ofvieWer 101. 

In some embodiments, optical elements can include 
opaque regions (e. g., formed from a black or colored ink) in 
addition to polarizing regions. For example, referring to 
FIGS. 3A-C, an optical element 300 includes polarizing 
regions 330 and opaque regions 320 disposed on a transparent 
substrate 310. When illuminated With light polarized parallel 
to the transmission axes of polarizing regions 330, only the 
visual features corresponding to opaque regions 320 are vis 
ible to a vieWer, as shoWn in FIG. 3B. HoWever, When illu 
minated With light polarized orthogonal to the transmission 
axes of polarizing regions 330, the visual features corre 
sponding to both regions 320 and 330 are visible to the 
vieWer. 

Further, While polarizing regions 136A-D are formed from 
Wire-grid polarizers, other types of polarizing materials can 
also be used. For example, a patterned layer of a polymer 
based sheet polarizer (e.g., liquid crystal polymer) can be 
used. Furthermore, While optical device 100 implements the 
varying visual features using linearly polarized light, other 
con?gurations can also be used. For example, optical devices 
can be con?gured to operate using circularly polarized light. 

In general, the polarizing regions of polarizer 134 can be 
formed using a variety of techniques. For example, in some 
embodiments, patterned polarizers are formed by ?rst form 
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ing a continuous Wire-gird polarizer layer and subsequently 
patterning the layer using conventional patterning methods. 

Exemplary techniques for forming Wire-grid polarizers are 
described, for example, in US 2005-0277063 A1, entitled 
“OPTICAL FILMS AND METHODS OF MAKING THE 
SAME,” ?led May 27, 2008, and in US 2006-0127829 A1, 
entitled “STRUCTURES FOR POLARIZATION AND 
BEAM CONTROL,” ?led Nov. 3, 2005, the entire contents 
both of Which are incorporated herein by reference. 

Conventional patterning techniques include photolithogra 
phy and nano -imprint lithography. Positive or negative resists 
can be used in the patterning process. 

For example, in some embodiments, depending on the 
depth of the Wire-grid polarizer layer, a 1 micron to 4 micron 
thick layer of resist can be disposed over the Wire-grid polar 
izer layer, exposed, and developed to expose portions of the 
Wire-grid polarizer layer betWeen the remaining regions of 
patterned resist. The resist and Wire-gird polarizer are then 
exposed to an etchant to remove portions of the Wire-grid 
polarizer layer Where the layer is exposed. Exemplary etch 
methods include dry etch methods (e.g., reactive ion etching) 
and Wet etch methods (e.g., using dilute KOH, acids, and/or 
resist developers). 

After etching, the remaining resist is removed, e. g., using a 
solvent (such as acetone or a chlorinated solvent, for 
example). The remaining resist can be removed using a dry 
etch method, or using a combination of Wet and dry etching. 

In some embodiments, a continuous layer of a material 
suitable for forming a Wire-grid polarizer (e.g., aluminum) 
can be patterned using conventional lithographic techniques 
to form the visual features prior to forming the Wire-grid 
polarizer. After the initial patterning step, the patterned layer 
of material can be coated With a further resist layer (e.g., a 
resist suitable for laser holography) and exposed for form a 
grating of appropriate period and duty cycle for the Wire-grid 
polarizer. Subsequently, the grating can be transferred to the 
underlying material using conventional etch methods (e.g., 
reactive ion etching). Optionally, the resist mask can be modi 
?ed prior to etching (e.g., With a metal cap layer). 

In some embodiments, the patterned Wire-grid polarizer 
can be coated With a layer of another material, e.g., to encap 
sulate the remaining Wire-grid polarizer regions in order to 
protect them. For example, atomic layer deposition (ALD) 
can be used to deposit a thin, conformal layer of a dielectric 
material over the Wire-grid polarizer (e.g., a 10 nm to 50 nm 
layer of SiO2 can be formed over the Wire-grid polarizer). 
Such ALD techniques are described, for example, in US 
2005 -0277063 A1, mentioned above. 

In general, optical device 100 can include other optical 
elements in addition to optical elements 120 and 130 shoWn in 
FIG. 1. For example, referring to FIG. 4, optical device 100 
can include optical elements 410, 420, and/or 430, Which are 
positioned in the optical path betWeen object 101 and optical 
element 120, betWeen optical elements 120 and 130, and 
betWeen optical element 130 and vieWer 101, respectively. 

Optical elements 410, 420, and 430 can include, for 
example, refractive optical elements (e.g., lenses) and/or 
re?ective optical elements (e.g., mirrors or prisms) arranged 
to provide an image of object 110 to vieWer 101. For example, 
optical element 430 can be an eye piece lens. As another 
example, optical element 410 can be an objective lens. Ele 
ment 420 can include one or more lenses, optical ?lters, 
and/ or retardation ?lms. 

The image of object 101 can be magni?ed or reduced in 
size. Indeed, optical elements 410, 420, and/or 430, can also 
be arranged to image the visual features of polarizer 134 to 
vieWer 101 so that When the system is con?gured so that the 
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8 
visual features are visible, the ?eld of vieW of vieWer 101 
includes the features superimposed over the image of object 
110. 

In some embodiments, element 430 can be an additional 
polarizer. For example, element 430 can be an additional 
linear polarizer having its transmission axis ?xed With respect 
to the transmission axes of polarizing regions of element 130 
(e.g., at 45 degrees to the transmission axes of polarizing 
regions of element 130). In such cases, element 430 can be 
used to maintain the polarization of light at vieWer 101 but 
With the contrast of the intensity of the entire image varying 
according to the orientation angle 0t of the transmission axis 
of polarizer 124 and With variable relative contrast betWeen 
the polarizing regions 136A-D and its background at vieWer 
101. 

In the foregoing embodiments, the optical path betWeen 
object 110 and vieWer 101 is a straight line. More generally, 
other con?gurations are possible. For example, the optical 
path can include one or more folds. Embodiments that include 
re?ective elements, for example, Would include such folds in 
the optical path. 

Furthermore, While the embodiments discussed above 
involve transmissive optical elements featuring polarizing 
regions, other con?gurations are also possible. For example, 
in some embodiments, the optical element featuring the pat 
temed polarizing regions can be con?gured to re?ect, rather 
than transmit, incident light in the optical device. 

In general, the optical devices discussed above can be used 
in a variety of applications. For example, optical devices can 
be included in imaging systems such as binoculars, range 
?nders, spotting scopes, ri?e scopes, telescopes, night vision 
equipment and microscopes. As an example, an optical device 
can be used in a microscope to display gridlines to a vieWer, 
alloWing the vieWer to gauge the physical size of an object 
feature. By rotating changing the relative orientation of the 
polarization sensitive features and polarized light used to 
form the image, the gridlines can be removed from the image 
in a conventional imaging mode. Additional applications 
include remote sensing and Weapons targeting systems. The 
optical devices could also be used in head-up displays (e. g., in 
automobiles or aircraft) or in head-mounted displays. 
A number of embodiments of the invention have been 

described. Nevertheless, it Will be understood that various 
modi?cations may be made Without departing from the spirit 
and scope of the invention. Other embodiments are in the 
folloWing claims. 

What is claimed is: 
1. An apparatus, comprising: 
a plurality of optical elements arranged to form an image of 

an object, the elements comprising: 
a ?rst element comprising one or more regions of a 

polarizing material, the regions being shaped as one 
or more visual features; and 

a polarizer; and 
a mounting assembly including a ?rst mount for the ?rst 

element and a second mount for the polarizer, Wherein at 
least the ?rst or second mount is rotatable With respect to 
an optical axis betWeen a ?rst orientation and a second 

orientation, 
Wherein, in the ?rst orientation, the visual features are 

visible in the image of the object and, in the second 
orientation, the visual features are not visible in the 
image of the object. 

2. The apparatus of claim 1, Wherein the ?rst element is 
arranged so that the one or more regions substantially trans 
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mit a ?rst polarization state of light and substantially block a 
second polarization state of light orthogonal to the ?rst polar 
ization state. 

3. The apparatus of claim 2, Wherein, in the ?rst orienta 
tion, the polarizer is oriented so that it substantially transmits 
light having the second polarization state and substantially 
blocks light having the ?rst polarization state. 

4. The apparatus of claim 2, Wherein, in the second orien 
tation, the polarizer is oriented so that it substantially trans 
mits light having the ?rst polarization state and substantially 
blocks light having the second polarization state. 

5. The apparatus of claim 1, Wherein the polarizer is a linear 
polarizer. 

6. The apparatus of claim 5, Wherein the second mount is 
rotatable about an axis that alloWs rotation of a transmission 
axis of the polarizer. 

7. The apparatus of claim 1, Wherein the polarizing mate 
rial is formed of a Wire-grid polarizer. 

8. The apparatus of claim 7, Wherein the ?rst element 
comprises a substrate supporting the polarizing material. 

9. The apparatus of claim 8, Wherein the substrate is sub 
stantially transparent. 
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10. The apparatus of claim 8, Wherein the substrate is 

formed from glass or plastic. 
11. The apparatus of claim 1, Wherein the optical axis is a 

straight optical axis. 
12. The apparatus of claim 1, Wherein the optical axis is a 

folded optical axis. 
13. The apparatus of claim 1, Wherein the visual elements 

comprise one or more alpha-numeric characters. 
14. The apparatus of claim 1, Wherein the visual elements 

comprise lines. 
15. The apparatus of claim 1, Wherein the visual elements 

comprise pictures. 
16. The apparatus of claim 1, Wherein the visual elements 

comprise icons. 
17. A microscope, comprising the apparatus of claim 1. 
18. A range ?nder, comprising the apparatus of claim 1. 
19. A heads-up display, comprising the apparatus of claim 

1. 
20. A spotting scope, comprising the apparatus of claim 1. 


